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Amendments to the Claims: 

Please amend the claims in the manner set forth below. 

1 . (currently amended) A gas sensor for uso in a system for monitoring gas 
concentrations in flue gas generated by a combustor t the gas sensor s^^comprising: 

pflas senior comprising- 

an outer shell disposed in a stream of flue gas in a post-flame 2one of the combusior, the 
outer shell having at least one opening in a fluid communication with the flue gas; 
a solid electrolyte cell disposed within the outer shell; 

at least one seal cooperating with the electrolyte cell to form a sensing chamber isolated 
from the flue gas; 

a first electrode with un u!wiciut « d timo loniimm disposed within the sensing chamber 
and being isolated from the flue gas so as not to be in a direct fluid contact with the flue gas; and 

a second electrode with un a,s*uciated tim e eoimtmu thut i ? * different from th e tim e 
constant asseewtfed with iho fee* oUsotroda, disposed in the outer shell and positioned in close 
proximity to the at least one opening so as to be in fluid contact with the flue gas, a voltage being 
generated across the first and second electrode* representing at least two condition s, whereip the 
firvi e}eq r ode and the second electro^ ffepfifflTe * sipnal eomprfc^ of ft pC component and a 
fhqyfflrinfi AC componeqf » til* twA conditions cnmp r jse4 of fre DC component and a fluctuating 
AC componeni: and 

tfte gag scpsor system furt fter compris ing a processing ppiffon. the processing poison 
: m ] Y ?inP eagh nf ^ e P C gflfnpongnr and a f]qctuafjn B ftC component to determine gas 
L-opcfprrarions in the flue gas. 

2. (currently amended ) The gas sensor system o f claim 1 , further comprising a 
reference gas conduit disposed in the sensing chamber and adapted to supply a reference gas to 
the chamber. 
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3. (currently amended) Tbe gas sensor ^vs^ei^ o f claim 1, further comprising a 
conduit disposed within the outer shell and adjacent the electrolyte cell and second electrode, the 
conduit being in fluid communication with the flue gas. 

4. (currently amended) The gas sensor system o f claim 3, wherein the conduit 
delivers a calibration gas in close proximity to the second electrode, the second electrode being 
effectively calibrated based at least in part on tbe effect of the calibration gas on the condition 
sensed by the second electrode. 

5. (currently amended) The gas sensor sysTem o f claim 4, wherein the calibration 
gas comprises an essentially fixed concentration of O2. 

6. (curcemly amended) The gas sensor svstem.o f claim 3, wherein sample flue gas is 
extracted from the sensor through the conduit for delivery to a reference gas analyser. 

7. (cunemly amended) The gas sensor *v*iem of claim 1, wherein the solid 
electrolyte cell is tubular in shape, the sensor comprising two seals disposed substantially at 
respective ends of the electrolyte cell to cooperate to form tbe sensing chamber. 

8. (currently amended) The gas sensor system o f claim I , further comprising a 
thermocouple located in close proximity to the electrolyte cell and being adapted to monitor 
temperature and provide a reference to adjust for varying temperature conditions in the outer 
shell. 

9. (currently amended) The gas sensor system o f claim 1, wherein the first electrode 
is in fluid contact with a reference gas and a voltage signal generated across the first and second 
electrodes is analyzed to monitor the concentration of gases in the flue gas. 

10. (currently amended) The gas sensor system o f claim 9, wherein the voltage signal 
represents the concentration of ^ lenst two sqfoted ftpm the grou pon* ^ mure consisting of 
oxygen, carbon monoxide, and nitric oxide. 
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11- (currently amended) The gas sensor *vstem o f claim 1 further comprising a third 
electrode disposed within the outer shell and being io fluid communication with the flue gas, the 
third electrode cooperating with one of the first and second electrodes to sense the concentration 
of an intended gas In the flue gas, the intended gas being one of a group consisting of oxygen, 
carbon monoxide, and nitric oxides. 

12. (currently amended) The gas sensor svsteiiLQ f claim 1 , wherein the third electrode 
is at least in pan covered by a filter to react with a second gas in the flue gas to eliminate the 
effect of the second gas so as to enhance the accuracy of the concentration measured of the 
intended gas. 

13. (currently amended) The gas sensor system o f claim 1 1 , wherein the first and 
second electrodes cooperate to generate a first signal representing the concentration of a first 
intended gas and the second and third electrodes cooperate co generate a second signal 
representing the concentration of a second intended gas, the first and second intended gases each 
being one of a group consisting of oxygen, carbon monoxide, and nitric oxides. 

14. (currently amended) The gas sensor system o f claim 13, wherein one the first and 
second signals may be further analyzed to determine the concentration of a third intended gas. 

15. (currently amended) The gas sensor g ffllSffl Q f daim U wherein electrical signals 
representing the gas concentrations respectively sensed by the first and second electrodes are 
generated, the signals being processed by the system in one or more or* a time or frequency 
domain to yield combustion parameters the pme^nq portion calq||ffl frp rh» Qian^ deviation 

Q f nagsatiog nf ThP Ar f*>pp° nent - 

16. (canceled) 

17. (currently amended) The gas sensor systgmpf claim 1, wherein the combustor is 
one of the group consisting of a boiler, a furnace, and a gas turbine. 
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18. (currently amended) The gas sensor gysyem o f claim 1, wherein the combustor 
includes a burner chat generates flue gases, the burner being one "^fcqgfl from the group 
consisting of a gas-fired burner, a coal-fired burner, an oil-fired burner, and a fossil fuel-fired 
burner. 

19. (currently amended) The gas sensor svsrem.o f claim I, wherein the first and 
second electrodes are made from a material that is porous and catalytic. 

20. (curremly amended) The gas sensor system o f claim I, wherein the electrolyte 
cell has one closed end. 

21. (canceled) 

22. (curremly amended) The gas sensor system o f claim 3+1, wherein the DC 
component is processed hv the proofing ponion i n accordance with the Nentsi equation and is 
used to detennine the O2 concentration. 

23. (currently amended) The gas sensor s ^em_o f claim 2*22» wherein the AC 
component is processed hy tfr * processing portion t o determine the concentration of at least one 
ef fected ftottLt he group consisting of carbon monoxide, nitric oxides and gaseous 
combustibles. 

24. (canceled) 

25. (curremly amended) The gas sensor system of claim 341, wherein the DC 
component is analyzed h y the P rqces*in R ponion to determine an Oa concentration in me flue 
gas. 
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26. (currently amended) The gas sensor svsiem.o f claim 3425, wherein ihe fluctuating 
AC component is analyzed hy }\\* processmfl portion t o deiennine a parameter representing the 
concentration of combustibles in the flue gas. 

27. (currently amended) The gas sensor sysrem of claim 341. wherein the fluctuating 
AC component is analyzed by fte processing portion 10 determine a concentration in the flue gas 
of ai least one se jeered from e£*he group consisting of carbon monoxide, and nitric oxides. 

28. (currently attended) The gas sensor svsiem o f claim 1 , wherein a support conduit 
is disposed in the posi flame zone of the combustor and at one end is supported by and affixed to 
a wall of the combustor, the gas sensor being at one end anached and supported by the support 
conduit, electrical leads being connected to the first and second electrodes and being disposed in 
the suppon conduit at the one end of the support conduit. 

29. (currently amended) The gas sensor system o f claim I, wherein the electrolyte 
cell is comprised of ynria stabilized zirconia. 

30. (currently amended) The gas sensor system of claim I, wherein the electrolyte 
cell is comprised of zirconia 

3 1 . (currently amended) An emissions monitoring system for monitoring constituent 
concentration of flue gas components in a combustor, the monitoring system comprising: 

a first sampling probe comprising: 

a n outer shell disposed in a stream of flue gas in a post-flame zone of the 
combustorrfhe outer shell having at least one opening for receiving a flue gas; 

a t least one seal cooperating with the electrolyte cell to form a sensing chamber 
isolated from the flue gas; 



6 

PAGE S/19 1 RCVD AT 4/1 112005 8:04:24 PM [Eastern DayOght Tone] 1 SVRiU^TO-ffXRF-1/0 1 DWS:87M305 * CSID:+ 9 DURATION (mnws):04-50 



ApM1-05 08:06pm Frora-HUNTON A WILLIAMS 
Application No,: 10/040.917 



+ T-245 P. 09/14 F-2U 

Anomey Docket No.: 59589.000040 



a first electrode wkh an m*&et&e& time constant d isposed within the sensing 
chamber and being isolated from the flue gas so as not to be in a direct fluid contact with the flue 
gas; 

a second electrod e with an mweiia e d liitio e>om>tunt that i s diff e rent from the timfl 
constant u^ofliuiod with tho fir^t a loctrudo , disposed in the outer shell and positioned in close 
proximity to the at least one opening so as to be in fluid contact with the flue gas, a voltage being 
generated across the first and second electrodes representing at least two conditions; 

a second sampling probe of tho liamo typo a* Tho first sampling prob e f or monitoring the 
concentration of a second flue gas component, the second sqmpfinp P mhe comprising: 

- ft p outer shell «tispoyf| m a stream of flue flfl* )p a po*t-flame zone of the 

comhustor. th* outer shell h^vjnff to nne opening for receiving a flue gas: 

Ht jgai one seal cooperating lyjffi the electrolyte cell to form a sensing chamber 
jsolatert from fte flue flas: 

q first electrode wilh a n q^sociated time constat^ disposed within the sensing 
chamber and freinfl isolated fmm, ftp flue gas so ax not fo fre jp a direct n™& contact with rhe fine 

pas: 

3 second elec trode wjtl) an associated f jmf eop<aant that is differed ftpm rhe time 

co ^^r associated with t he firsr electrode, <] j^posed in the outer yid positioned in close 
proximity to at least one opening so as to he in fluid contact with rhe flue ^ q voltage being 
flenerf fle<j across the first ^ 4 second elerflrafo representing at le 4 sf jwo conditions: and 

at least one analyzer having inputs for monitoring the receiving the voltages generated by 
the first and second sampling probes and having a processor for analyzing the voltage data to 
determine the concentrations of die first and second flue gas components f the voltage qfofi 
includes ft DC compon e nt and a fluctuating AC component fte flfl a lV zer analyzing each of the 
DC ^opponent *nr| ft fluctuating aC component to determine the constituent concentration of 

flue pras components. 

32 (withdrawn) In an emissions monitoring system used in a combustor operation, a 
method for monitoring the concentration of constituent gases in a tine gas generated by the 
combustor operation, the method comprising the steps of: 
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sampling the flue gas by a gas sensor disposed in a post-flame zone of a 

combustor, 

placing a first porous electrode in a sensing chamber defined at least in part by a 
solid electrolyte ceil and isolating the first electrode from the flue gas; 

disposing a second porous electrode opposite the first electrode with a portion of 
the solid electrolyte cell disposed therebetween and placing the second electrode in fluid 
communication with the flue gas; and 

analyzing a voltage generated across the first and second electrodes to determine 
concentrations of two constituent gases in the flue gas. 

33. (withdrawn) The method of claim 32 further comprising the step of providing a 
reference gas to the sensing chamber. 

34. (withdrawn) The method of claim 32 further comprising the step of providing a 
calibration gas to impinge upon the second electrode and analyzing the change in the voltage to 
adjust a parameter related to at least one constituent gas concentration. 

35. (withdrawn) The method of claim 32 further comprising the steps of: 

placing a third porous electrode opposite the first electrode with a portion of the 
solid electrolyte disposed therebetween and placing the third electrode in fluid communication 
with the flue gas; and 

analyzing a voltage generated across the first and third electrodes to determine the 
concentration of a constituent gas in the flue gas. 

36. (withdrawn) The method of claim 35, wherein the constituent gases are from the 
group consisting of: oxygen; carbon monoxide; and nitric oxides. 

37. (withdrawn) The method of claim 32, wherein the constituent gases are from the 
group consisting of: oxygen; carbon monoxide; and nitric oxides. 
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38. (currently amended) The gas sensor s ysteoLo f claim I, wherein the fir^ 
gjgcj ffide, possesses a first associated titq ft constant and, second electrode possesses a second 
^oc ^red rim '' mns ff m. the first time co nstant being i|jffffew than the second rime constant: 

and 

where|n each of the t ime constants respectively-a ssociated with the first electrode and jhg 
second oloerxodou electrode i s calculated h Y The processing portion using: 



wherein: 

r F g tp* concentration of ox vren at the electrode. 

<V = The concentration of oxygen in the environment, 

ACV = the cb mr in concentration of oxygen in the environment, 

e = the exponential operator, 

I = ft* "™e e'"P^ tinee the change in oxveen concentration occurred, and 

Jr. is the time constant specific to the electrode: 

wherein each time c onstant, as c»lrn|qrcfl hy rhe processing portion, determines hQtf 
qiiicklY fte oxveen concenfrarinn level i\\ figj *]ecrrode changes. 

39. (currently amended) The monitoring system of claim 3 1 , wherein the first 
gjBiflale, »f the fir Ni swnniip p probe, possesses u first associated time constant and the second 
^ct prte. of the first sampling nrobe. possessesa second associated time constant, the firsrtime 
ropsrant heing different than the second time constant; and 

wherein each ot the time constants respectively associated with the first ejecirpje,and 
second electrode e lflSTrodcs is calculated hy rfie anal v7er using: 



C E = C C + AC c *(l-e ) 



C E = C c -»- ACc * (l-e' v,c ) 
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wherein: 

Qg = the concentration of O^ypftn ai the electrode. 

Cr - the co ncentration Q f Qx Vfi en in rhe environment. 

ACV - the change in c oncentration of oxygen jn the environment. 

g - fle exponential operator. 

I = t he rime el»p<e<{ <ince rhe change in oxyfTn concentration occurred and 
T p IS the timernpfttftpt specific- to the electrode- 




.^ch rime constant, as calcinated hv the analvrer. determines how Quickly the 



ttxvoen concentration level at that electrode changes. 

40. (currently amended) The gas sensor at&SBLOf claim l , further comprising a 
flexible hose connected to the w< sensor, the flexible hose for facilitating the assembly and 
installation of said -the e as sensor into said combostor. 

41. (currently amended) The monitoring system of claim 31, further comprising a 
flexible hose <-on nectert to at least one of the first sampling nrnhe and the second sampling probe, 
t ^e flexible hose f or facilitating the assembly and installation of at leasf ope of rhe first sampling 
nrnhe and t h e second *amp | jnfl P mhe f ' u1tl gt* ; .e ncaf - i nto said combustor. 

42. (new) The monitoring system of clairo 31, wherein the im&t&rdoai&ei.- 
analyzing the DC component to determine an Ch concentration in the flue gas; and 
analyzing the fluctuating AC component to determine a parameter representing the 

concentration of combustibles in the flue gas. 
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